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Technical efﬁ  ciency is a very important concept 
to analyze because it is generally considered a 
prerequisite to economic efﬁ  ciency. Therefore, 
evaluating the technical efﬁ  ciency of an industry 
such as refrigerated-food-products trucking carri-
ers is vital to the economic survival, success, and 
efﬁ  ciency of the entire agribusiness transportation 
system that carries the inputs needed for the op-
eration and expansion of agribusiness ﬁ  rms and 
the agricultural output of food and ﬁ  ber products 
demanded by consumers and end users at reason-
able prices. The general objective of this study is 
to estimate the technical efﬁ  ciency of refrigerated-
solids carriers in the United States using secondary 
data. These carriers haul refrigerated food products 
on a for-hire basis.
Efficient transportation firms have lower 
transportation costs and consequently offer lower 
transportation rates to shippers, enabling managers 
and owners of agribusiness ﬁ  rms to offer lower con-
sumer prices or expand markets. The money saved 
by the managers due to the lower transportation 
rates can be passed directly on to the customers of 
these agribusiness ﬁ  rms in the form of lower prices 
or spent on trucking carriers to maintain or enhance 
their abilities to haul the agribusiness agricultural 
and food products to more distant markets (Ste-
phenson 1987). Consequently, agribusiness trucking 
carriers not only play a vital role in agribusiness 
ﬁ  rms’ decision-making processes, but they also 
satisfy consumers wants and needs by supplying 
them with a wide variety of consumer goods at 
reasonable prices.
Efﬁ  ciency can be estimated as primal or dual-
measure through production function, cost mini-
mization or revenue/proﬁ  t maximization by one of 
two alternative approaches: the stochastic frontier 
approach or the nonparametric linear-programming 
approach. In this paper the parametric efﬁ  ciency 
measures are estimated using the stochastic frontier 
approach on a national and commodity basis.
Research on the methodology, measurement, 
source, and cause of efﬁ  ciency measures has been 
the subject of analyses since the introduction of 
stochastic frontier analysis in 1977. The use of ef-
ﬁ  ciency as a measure of progress has caught the 
attention of individual ﬁ  rms, industry, and policy 
makers alike. One of the most targeted areas of re-
search seems to address various modes of transpor-
tation and segments of the transportation industry. 
Within transportation, the focus was mainly on 
railroad cargo transportation, public-passenger 
transportation, and the airline industry. However, 
for-hire cargo agribusiness trucking ﬁ  rms that haul 
food products have seldom been examined. This 
study estimates the efﬁ  ciency measures of cargo 
agribusiness trucking ﬁ  rms and examines the ef-
ﬁ  ciency measures by commodity.
Methods and Data
Following Battese and Coelli (1992), the panel 
stochastic frontier production function for panel 
data with ﬁ  rm and time-variant model can be rep-
resented as
(1) Yit = xitβ + (Vit – Uit), i=1,…., N, t=1,…., T,
where Yit is (the logarithm of) the production of 
the i-th ﬁ  rm in the t-th time period, Xit is a kx1 
vector of input quantities, Vit are random variables 
which are assumed to be iid N (0, σ2), and Uit= are 
non-negative random variables which are assumed 
to account for technical inefﬁ  ciency in production 
and are assumed to be iid as truncations of zero of 
the N (μ, σ2) distribution.
Comprehensive literature reviews (Forsund, 
Lovell, and Schmidt 1980; Schmidt 1986; Bauer 
1990; Greene 1993; and Kumbhakar and Lovell 
2000) on the use of stochastic frontier analysis 
have been evolving since it was ﬁ  rst proposed by 
Aigner, Lovell, and Schmidt; Meeusen and van den 
Broeck; and Battese and Corra in 1977. The past 
decade has witnessed a surge in the extension of 
the parametric techniques to efﬁ  ciency measure-
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ment. Furthermore, within the primal framework, 
progress has been made on the ability to handle mul-
tiple outputs and inputs via the distance functions, 
adjusting for time-series properties, incorporating 
autocorrelation and heteroskedasticity, and the use 
of Bayesian techniques in the parametric-efﬁ  ciency 
measures.
The variables used to satisfy the objective of this 
paper are obtained from TTS Blue Book of Trucking 
Companies for the years 1999–2002. The data for 
the input variables was divided into labor, capital, 
operating variable costs, and operating ﬁ  xed costs. 
The labor variables include the number of drivers 
and helpers; the number of cargo handlers; the num-
ber of ofﬁ  cers, supervisors, clerical and administra-
tive staff; and the total number of other laborers. 
Capital variables include the number of tractors 
owned, the number of trucks owned, the number 
of tractors leased, the number of trucks leased, and 
other equipment.
Operating variable costs include fuel, oil, and 
lubricants, and total maintenance. The operating 
ﬁ  xed-cost category is composed of total operating 
taxes and licenses, total insurance, and deprecia-
tion and amortization. The output variable consists 
of total ton-miles, which is the measurement most 
commonly used according to Cantos, Pastor, and 
Serrano (1999), because this demand-related mea-
sure of output allows an assessment of the level of 
user consumption and the value they place on the 
service. This ton-mile output measurement assumes 
little or no government control on the provision 
of the service; otherwise, measures that isolate the 
government regulatory measures like truck-miles, 
which represent the degree of capacity or service 
level supplied by the trucking company, are more 
suitable for this type of analysis (Cantos, Pastor, 
and Serrano 2000).
Summary statistics for the U. S. trucking com-
panies by commodity groups are shown in Table 1. 
Due to space limitations only the mean statistics are 
presented in the table. Mean statistics indicate that 
agribusiness trucking carriers had a mean output 
value of 15.31. The mean value of the agricultural-
commodity sector indicates these carriers ranked 
thirteen in terms of ton-miles; armored-truck-service 
carriers had the lowest mean value. The carriers 
that had the highest mean value for the output 
component were the bulk chemical carriers, with a 
mean value of 16.565. The mean value of labor, 3.9, 
indicates that the agricultural-commodity group had 
the third-lowest mean value among the U.S. truck-
ing carriers. This value implies that the carriers in 
this category had the smallest number of employees 
during the study period.
Mean values of capital indicate that agricultural-
commodity carriers ranked 22nd for ownership or 
lease of vehicular equipment among the carrier 
groups shown in Table 1. These carriers as a group 
had a mean value of 3.86. This value implies that 
the carriers in this group did not invest heavily in 
the ownership or leasing of vehicular equipment 
to service its customers, while most of the other 
carriers did. 
The agricultural commodity carriers had the14th-
lowest operating variable costs in the United States 
in 2001. This value implies that this group did a fair 
job of keeping its operating variable costs as low as 
possible to serve their customers more efﬁ  ciently 
than many of the carrier groups in the United States 
during the study period. The agricultural commod-
ity carriers also had the 20th-lowest operating ﬁ  xed 
cost among the carrier groups in the United States 
in 2001, 10.75, implying that the carrier group was 
able to keep items such as insurance expenses as 
low as possible to provide competitive services to 
their customers.
Results 
To examine the efficiency of the agribusiness 
trucking ﬁ  rms by commodity, two sets of results 
representing cross-section and panel models are 
estimated using Equation (1). The ﬁ  rst set of re-
sults presented in Table 2 refers to cross-sectional 
efﬁ  ciency measures of the ﬁ  rms by each individual 
year, while the second set of results in Table 3 are 
restricted to only those ﬁ  rms with four consecutive 
years of data. Furthermore, the efﬁ  ciency measures 
are estimated using a panel framework. Results of 
the time-series and panel-model efﬁ  ciency measures 
are presented in Table 2 and Table 3, respectively. 
Table 2 shows the technical-efﬁ  ciency measures for 
1283, 1949, 1935, and 1654 trucking companies for 
the years 1999, 2000, 2001, and 2002, respectively. 
Table 2 also shows the means and standard devia-
tions of efﬁ  ciency measures by type of commodity 
carrier for 1999–2002. Overall, mean values of the 
efﬁ  ciency measures show that the carrier groups 
were highly technically inefﬁ  cient in the study 
period. For example, mean values ranged from a 
high of 0.455 for 2000 to a low of 0.402 for 2002. Allen, Fuentes, and Shaik Efﬁ  ciency of Refrigerated Food-Products Trucking Carriers   15
These results imply that the technical efﬁ  ciency of 
the carriers as a whole is very low and the carriers 
as a group should increase the use of their inputs to 
improve the technical efﬁ  ciency of the industry.
These results suggest that the ﬁ  rms are not pro-
viding their customers with technically efﬁ  cient 
service. These results, in turn, could lead to eco-
nomically inefﬁ  cient service to carrier customers 
who might have to pay higher prices.
Table 3 shows the panel model results for the pe-
riod 1999–2002. The overall mean values for the 12 
carrier groups included in this analysis ranged from 
a high of 0.510 in 1999 to a low of 0.489 in 2002. 
These results imply that the technical efﬁ  ciency of 
the carriers that stayed in the markets over the four-
year study period steadily declined. 
As a result, the carriers need to rearrange their 
input mix to improve their productivity so that 
they can become much more competitive in their 
respective shipper markets. Efﬁ  ciency measures 
show that the refrigerated-solids group ranked ﬁ  fth 
among the 12 carrier groups in the United States for 
1999–2002. The mean values of the efﬁ  ciency mea-
sure for the refrigerated solids group ranged from a 
high of 0.599 in 1999 to a low of 0.561 in the years 
2000–2002. Although the refrigerated-solids car-
riers were not the least technically efﬁ  cient group, 
these results do suggest that refrigerated-solids car-
riers as a whole do have an excellent opportunity 
for enhancing service by better using resources to 
improve the competitiveness of the transportation 
services provided to shippers in the refrigerated-
solids market for the foreseeable future.
Information and data in Table 3 also show the 
summary ranking of truck carriers for the panel data 
set. Results reveal that the agricultural-commodities 
Table 1. Means of Variables Used in the Analysis, 1999–2002.




ﬁ  xed cost
Gen. freight, LTL 643 14.59 5.4 4.87 11.25 11.27
Gen. freight, TL 2825 15.57 4.39 4.29 11.28 11.08
Heavy machinery 191 15.32 4.28 4.26 11.19 11.32
Petroleum products (tank truck) 530 15.4 4.52 4.41 11.1 11.04
Refrigerated liquids (tank truck) 77 15.46 4.32 4.07 11.13 10.92
Refrigerated solids 588 15.64 4.3 4.21 11.25 10.97
Dump trucking 227 15.24 3.86 4 10.97 10.86
Agricultural commodities 224 15.31 3.9 3.86 11.01 10.75
Motor vehicles 84 15.16 4.86 4.64 11.28 11.5
Armored truck service 10 11.67 6.12 5.13 11.3 11.69
Building materials 451 15.58 4.06 4.1 11.1 10.97
Film & associated commodities 4 13.9 3.65 3.29 10.16 9.65
Forest products 69 15.05 4.08 3.76 11.13 10.92
Mine ores (not including coal) 2 14.95 4.4 4.03 10.87 10.39
Retail store delivery service 70 14.77 4.53 4.09 10.87 10.82
Dangerous or hazardous products 22 15.33 4.79 4.88 10.88 10.95
Not elsewhere classiﬁ  ed (NEC) 442 15 4.26 4.2 10.69 10.77
Household goods carrier 113 13.3 5.04 4.52 10.32 10.97
Bulk chemical 78 16.39 4.31 4.3 12.06 11.95
General freight, local cartage 30 13.76 4.58 4.24 11.47 11.42
General freight, parcel 39 13.91 4.91 4.52 11.26 11.2









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































carrier group ranked ﬁ  rst, with an overall 
mean value 0.645 and a standard devia-
tion value of 0.2 for the study period. The 
carriers serving the building-materials 
industry ranked second, with an overall 
mean of 0.640 and a standard deviation 
value almost 0.16. These results indicate 
that these two carrier groups did a better 
job of utilizing their resources than did 
the remaining carrier groups.
Petroleum-products and refrigerated-
liquids carriers were tied for third, with 
an overall mean value of 0.600 with 
standard deviation values of 0.233 and 
0.136, respectively. Refrigerated-solids 
carriers, with an overall mean value 
0.571 and a standard deviation value 
0.222, followed these two groups of 
carriers. This result reveals that refrig-
erated-solids carriers are quite far from 
the production frontier. Thus the carriers 
need to reevaluate how their ﬁ  rms are 
being operated to enhance the efﬁ  ciency 
of this segment. A better mix of the use 
of inputs by the carriers should enable 
them to move closer to the produc-
tion frontier, thereby allowing them to 
provide more-efﬁ  cient service to their 
customers. 
As stated earlier in this paper, techni-
cal efﬁ  ciency is a prerequisite for eco-
nomic efﬁ  ciency. Therefore the carriers 
should, as a whole and individually, 
strive to convert their technical-inefﬁ  -
ciency disadvantages into economical-
efﬁ  ciency advantages so that they will 
be able to provide their agribusiness 
customers with high-quality service at 
reasonable prices. This, in turn, will en-
able the agribusiness ﬁ  rms to purchase 
the required transportation services at 
reasonable rates so that they can con-
tinue to serve their customers at proﬁ  t-
able levels. Enabling agribusiness ﬁ  rms 
to move agricultural commodities and 
products to their customers at reasonable 
rates will allow these ﬁ  rms to generate 
employment, tax revenues, output, and 
incomes not only to the refrigerated sol-
ids carriers serving them but also to their 
employees and the general public.Journal of Food Distribution Research 36(1) 18   March 2005
Summary and Conclusions
The purpose of this study was to evaluate the techni-
cal efﬁ  ciency of agribusiness trucking carriers that 
haul food products on a compensational basis. In 
this analysis, the parametric-efﬁ  ciency measures 
were estimated by decomposing them into techni-
cal efﬁ  ciency and scale efﬁ  ciency using the panel 
framework for different carrier groups in the United 
States for 1999–2002.
Results reveal that the trucking industry in gen-
eral was technically inefﬁ  cient during the study 
period, with an overall mean value ranging from 
a high of 0.455 in 2000 to a low of 0.402 in 2002. 
Mean values of the technical efﬁ  ciency measures 
ranged from a high of 0.645 for agricultural-com-
modities truck carriers to a low of almost 0.16 for 
household-goods carriers. The refrigerated-solids 
trucking companies had a mean value of 0.571, 
implying that the refrigerated-solid truck carriers 
as a whole in the United States did not perform 
that well from a technically efﬁ  cient point of view. 
Therefore, the carriers in this category need to make 
sure that they transform this technical inefﬁ  ciency 
into an economically efﬁ  cient process by combining 
their various external as well as internal resources 
into a service that provides economic value to their 
agribusiness customers in this highly competitive 
industry. This in turn will allow the agribusiness 
trucking companies in this segment to generate 
long-term proﬁ  ts by meeting the needs of their 
customers in the agribusiness sector.
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